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ABSTRACT : PROBLEM TO BE SOLVED: To produce a martensitic heat resistant steel having 

excellent fracture strength at high temps, of >600°C and capable of maintaining the high 
temp, strength for a long time. 

SOLUTION: This steel has a chemical compsn. composed of, by weight, 0.05 to 0.15% C, 
0.01 to 0.10% Si, <0.50% Mn, 0.01 to 0.80% Ni, 9.0 to 1 1 .0% Cr, 0.50 to 1 .50% Mo, 0.50 
to 2.00% W, 0.10 to 0.30% V, 0.01 to 0.10% Nb, 0.01 to 0.05 N, 2.00 to 5.00% Co, 0.001 
to 0.01% B, and the balance Fe with inevitable impurities, and in which the relation of 
1 .5% <Mo%+W%/2<2.0% is also satisfied. In this way, the formation of delta-ferrite is 
suppressed, and excellent creep fracture characteristics are imparted thereto. 
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C : 0.05—0.15% 

Cti. Cr. Nb. VS8Et*S^L"CSa*^if!^ft*^*-t 
L^L. C-^W»^0.05%*}STii. 3E»5rlR-ft!ftfe«t 

5r if tfmE IX . SEfflSaiflE^iSiaa^flE*^ L < KT 
0.15%£ffl*4-£»t-ti, 550-630 °C 

l < 4- 0 . mm®? 0 --rmsmmm t < ®T-r-s> * 

Si : 0.01—0.10% 

si(±. mmtvx&m-$-&bmz. ^.mmmx%\m 
o.oi%*mizwthz. t\iwmx'hhtz#>. miot 

RgteO.O^iJ-bli-S. 0.10%2rM^..S-irW*T'{i. 
Hn : 0.50%WT 

Mn(i. SikH«fc«ii8ffJfcLT«fflL. ^MB#Ofl5ii§ft 
ffl^^-r^7cS-C'S>0. 0.50%J^Tti3^T(±. ^^'b 
(mS&ftWzm&th. MntiM-ft^^ttSr^ 

Ni : 0.01—0.80% 

■Cfc*. L^L. Ni-ir^4A>'0.0l%*MT'(±. ^oj:3 
irSfta*^^^. -^r. o.8o%*«^.****T(i. ^ 

Cr : 9.0—11.0% 

L^L. Cr*W*** 9.0%*iWT'ti. 3t^HBrtktt*J 
il^«B*fil^ , J--rW(Bi5fiJJ&&f»4>n*v^ 11.0 

%^ms^*Tt±. W7i7^ r-#waju # 

Mo : 0.50—1.50% 

r8SBf3feK«r*L<l»I±S-fr47C*'CftS. LA»U Mo 

*^r«3W). 50%*}WT-ii. i*i^<^as*«/hs < . 

W : 0.50—2.00% 

L . W£M#0. 50%*?Ht'{i . ^ U -TTSBBftS 1 1*1 
V : 0.10-0.30% 

Vfi. V 4 C 3 h ttMft^ML7 h 'J 

tmz, mm umtomzmm-t & ^c^mm <m 
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kLTJi. mnf?e, Cr, Moi>mf$>ix&) iWMiz 

*«fi< 3 Sri>. — *\ 0.30% si$ia 
&m*izmm)tfmm*;it ix 9 »j -ttk^js^® 
t-t-s. 

Nb: 0.01— 0.10% 

NMi. Vkpg«C*fcfl! (NbC) £JBj£U -?r->J?X 
(MisLTUu WifcfFe, Cr. HoiWffeW) 

t*»u Nb#w***o.oi%*src«. z.ixt><wm. 

ifi'y-ts: < & 9 , ^frfrSr? 'J - TWSmS&m v > . 

— o.io%t)»xs*^r*TJi, noo*coMA?flK-e 

t NbCOVhU^X^s.C0El?§>6^^--(:i± : &<, A*?, W 

as us Nbc*^ >j-r+fc«affl*fcLT*WHBitf>7 u 

N : 0.01—0.05% 

JbW). 01%5fcjftTii, ifi^, <&aMttiaaMc3Ht* 
Co: 2.00—5.00% 

ftfc: » Co g^HiSBMtflMB S^tftftT XiffRrtt^iS 
«MC»«0>**7C*?**. U»U Co#1fi#2.00% 

B : 0.001-0.01% 

Bt4. ?y-T&»r3ft££iS#>l>7c3rc$>l>, L*»U 
B-a-^raa* o. ooi%*)Hf{i . i tikoiiiSktfib * o * 

*<=0:V>. — ^ s 0.01%5rStT#*-T^h. SMSHnil 

[0012] i/t. ±IE<7>£&)£#od ^MoisitXW 

T*&!>„ k Clix^<7)#^"*OigH-* i #<^l» 
k. -f^rt>t>, (Mo%+W%/2) W 2.0%*mth 

t . T/i-? h^'wrn us < £■ o . mfcw&Ti- 

— JT. (Mo%+W%/2 ) A* \.5%%ffiX'fo&h. 



[OO 1 3] iot. Mofcit/Wc^PTMli, 1-5%S 
Mo% + W%/ 2S2. 0%^WCS«r»E"*"«> i 3 t-SS^t" 

& . i« j: 3 ti&rr &ztiz±K). samttt mm 
m&izimm&Aft-t'rfc?? * 

*«fW).01-<).02%<z>*§£\ ?U-T5£ir3£ 

^rV>. Lfc^T, P-t-WitiO.01— 0.02%ic-TSi:ft 

[0014] L^'ot, ±IS«J: 3 t^ffifiScSriS.^ 
-T^t^t. !»tcMo%+«%/2= 1.5— 2.0%<9BWR£3I 

EtttLxtmxhh * 

[00 15] 

( i ) mm* 

^Srl*^ 1 — 4 k t . Clil^O-ft^ffiEicJi^ 1 t^"f 
aOT'J)?.. *<75fiL C:n^>c7)l^t4*:1200— 900 "COiS 
JSJEHT'^^LT, HOmmX 110mm x 400mm(7)^jiSSr 

tmt LT(±, 1090— 1050"CT15B#raJn^l#tTJl-- 
Xft4 h-ftSr^o/i^. ffi&#1200mm?)o— 7S:*M 

ft->tz„ Z IX. imi tLX. 550"CT15^^Sr 
ftitzmz 680—750 °CT-23B§ra^-f hrft^rVK 
-ym&fr^tz* zn^olzLxn^ixtzUfll— 4Sr 

•enmn^wi— 4CffiS7;i'f/t^ h^w^k 

[00 16] 

[Ifel ] 
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Mo+W/2 
— 






C 


Si 


fin 


P 


S 


Hi 


Cr 


Mo 


V 


Nb 


N 


Co 


B 


W 




1 


0.11 


0. 06 


0.05 


0.013 


0. 0004 


0.30 


10. 25 


1. 46 


0. 18 


0. 055 


0. 024 


4-68 


0. 0039 


0.75 


1. 84 




2 


0.11 


0. 04 


0.06 


0. 012 


0. 0003 


0.30 


10.14 


1. 45 


0. 17 


0. 052 


0. 026 


3. 37 


0. 0036 


0. 75 


1. 83 




3 


0. 10 


a 06 


0. 06 


0. on 


0. 0010 


0. 31 


10. 33 


Q.6S 


0. 20 


0. 051 


0. 029 


4. 50 


0.0036 


1. 78 


I. 55 




4 


0. 10 


0. 07 


0. 06 


0. 010 


0. 0015 


0. 06 


10. 23 


0. 65 


0. 20 


0. 051 


0. 025 


3. 80 


0. 0035 


L 80 


I. 55 




1 


0. 10 


0. 04 


0. 06 


0. 013 


0. 0010 


0. 27 


11. 40 


L44 


0.19 


0. 058 


0. 021 


6. 00 






<1. 44) 




2 


0. 10 


0. 04 


0. 06 


0. 015 


0.0020 


0. 28 


11.30 


L45 


0.19 


0. 058 


D.028 


6.00 


0. 0038 




<L 45) 


tfc 


3 


0. 11 


0. 04 


0. 06 


0.012 


0. 0020 


0. 27 


11.40 


1. 45 


0. 19 


0. 059 


0.027 


3.00 


0. 0D35 




(L 45) 


* 


4 


0. 11 


0.04 


0. 06 


0. 012 


0.0010 


0. 28 


10.50 


1. 45 


0.19 


U. ujd 


U. \JL.C 


tt. uu 


U. UUOa 




\j- to/ 




5 


0. 10 


0.07 


0. 07 


0.010 


0. 0020 


0. 28 


11.60 


1. 48 


0.20 


0. 050 


0. 026 


6. 10 


0. 0038 


1.45 


2. 21 




6 


0. 10 


0. 05 


0. 06 


0.015 


0. 0010 


0. 28 


11.40 


1.45 


0. 19 


0. 057 


0. 027 


6. 00 


0. 003B 


0. 79 


1. 85 




7 


0. 10 


0. 07 


0. 06 


0.010 


0. 0020 


0. 28 


11. 60 


0. 78 


0. 20 


0. 050 


0. 029 


6. 00 


0. D035 


1.45 


1.51 




8 


0. 10 


0. 08 


0. 07 


0.011 


0. 0020 


0. 07 


10. 33 


0. 66 


0. 19 


0. 052 


a 024 


3. 75 


0. 0039 


1. 50 


1.41 



(21=) gffitt,llfWcFe„ 



[0017] nmmmt mm^mm^ma ±v 

ix&xwm i~8tu zixt><Dik¥mtiizm i 
( 2 ) tmmmtm 

\i\ mm.W^*}\<-*r- ( 2 vE 20 ) ZliSbtZ. £fZ. is 
ffll<7MMW&1mfg. (FATT : Fracture Appearance Transi 



tion Temperature) Zlgiibfz* C\iX^cr>MM*&%:l£. %k 
2^-tm Y )X"hh „ 

too is] (b) tv-yimmfc 

SrfflWtJIS Z 2272t:J|SfC^U-7«ffiK»*fto 

mimWimm^^TtlC y~ V y * y- ( Larson-Mi 
Her )J*yjt-?Zm^X?&*r>tzi><?)?hZ>. 

[00 19] 

[*2] 
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(kgfn) 


F ATT 


650r-12kg/nm B 
(h) 


625t-10 5 h 
(kg/rom 3 ) 




i 


9.0 


2 5 


5 17 1 


1 0. 0 




2 


10.0 


2 0 


5 5 10 


1 0. 0 


#11 

T7*J 


3 


5.0 


4 D 


4 0 7 0 


1 2. 0 




4 


10.5 


3 5 


4 5 2 1 


1 2. 5 




1 


4.1 


4 0 


9 5 5 


4. 5 




2 


4.3 


3 5 


] 18 2 1 


5. 5 


J± 


3 


4.4 


3 3 


12 18 


7. 0 


4 


8.7 


4 0 


17 0 3 


7. 0 




5 


2.1 


8 2 


2 3 0 0 


7. 0 




6 


B,3 


2 2 


19 8 4 


7. 0 




7 


a. b 


2 5 


2 4 8 7 


7. 0 




8 


14 


3 0 


2 7 9 5 


7. 9 



[0020] ( 3 ) flfttWflMS* 

¥-?,ty Hi 0 t,±l=fi«tt*J 0 . 625"C-10 5 B§ra 
<7)? U-7m$T^K^O— 12kg/mm 2 k*t5E£i'U &£F3r 

Mizit^f U -rBSMJt^&T kliv > £ k . 

[0021] *2 3 tc, imm i-8^ y - 

^TKBrSfeStiV^flt 4.5— 7.9kg/mm 2 X'foh. ZtllZ 

**u mwffli—4X'i±. 10-12. 5kg/m i co^o-yn 

M 1 —4 ^ vf ft 4070BSHJ3Lh<O ? 'J — TBSHSB^Fb] 
t T 0 , 6WCcom&fc&^X , JtMtW 1-81: 

[00 2 2] Mo%+W%/2= 1.5— 2.0%?)HfltiP 

*fc3*i4.Ikfc:J: 9, Sia«ttk 7 y-rWttttk 
O^?:/-**^**.! Wfc. Mo: 1.45— 

1.46%, W:0.75% (Mo%+W%/2= 1.83-1. 84%) 



1 — 4 k Srit^S k . Mo%+W%/2= 1.5— 2.0%<O 

[0023] UU:«l8**»fc, WsyHOfl^fflfifcfcitf 
Mo#*»k W^*4fc tf0lH«£«5&r ?> - k t:.t 0 , 7 
y -7T8tBr3tJK^ift!in-r«. k £K . 9 »J -rwBWia** 
£<3r0, m°CZMz.&m&£&^i>&itt7 'J- 

[0024] 

hJRWSMWi. fit3Mo£0.50-1.50%. WSrO.50-2. 
00%^£U MofcilAVO^J:** 1.5%SMo% 

+W%/2S 2.0%OMff^)H^^T\ *TO*ttt£5f? 

««f;^7i5>( ho£)£#fliiBI£*u ?y-r 
o . fttotaEia? y-7i#i4$r*-r^. . 

[01 ] #fffl<Z>S3Sfl£ffi&WS!^fcovvt9-y:'' 
4. 



^WBWWIi 2 TS 1 * 1 

^mmimmmimmm 2 t a 1 # 1 ^ 



(72) Wm Stc *S 

:ft**i«#Tt^#HT£tt£ 2 T @ 3 « 1 n 

{id wm ±0i *w 
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